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Abstract 
FIELD APPRAISAL OF RESOURCE MANAGEMENT SYSTEMS 
"FARMS" 
Crop Yield and Quality Relationships 
with Soil Erosion - 1980 
1 Paul R. Hepler, Lauren H. Long, and John A. Ferwerda 
This document presents objectives and preliminary results of 
the Field Appraisal of Resource Management Systems (FARMS) study. 
This study assumes that estimates of soil erosion using the Univer-
sal Soil Loss Equation (USLE) represent long-term rather than short-
term effects. The FARMS study randomly sampled 2400 plots over a 
three year period, 1980-82, for: crop management, soils, conser-
vation practices and management, crop yields, soil chemistry, and 
sociological data. 
This report presents analyses from the 800 plots sampled in 
1980. Statistics of rill and sheet soil erosion, as estimated by 
the Universal Soil Loss Equation (USLE), are presented. Data are 
presented for each of the factors in the USLE, for potato yields 
and quality, for yield~ of other field crops, and for soil nutrient 
analyses. 
A significant response of yield to erosion was found when the 
dataset was limited to the most commonly found soil, Caribou (144 
plots). Data analyses including potato yields for all varieties 
and soils (429 plots) do not show any relation to predicted erosion. 
Regression analysis predicts that for each ton increase in soil 
erosion per acre per year up to 12 tons, a decrease of 2.3 hundred-
weight of potatoes per acre will occur. The cover and management 
factor (C) was found to be the most important variable in the USLE 
in predicting potato yield decreases. With each increase of 0.1 C, 
the predicted yield decrease amounted to 17 hundredweight gross for 
potatoes, and 20 hundredweight decrease for US-1 potatoes per acre. 
1Associate Professor of Horticulture, University of Maine-Orono, 
State Resource Conservationist, USDA Soil Conservation Service, 
and State Soil Scientist, USDA Soil Conservation Service, 
respectively. 
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I. INTRODUCTION 
Soil erosion is a critical problem on the land planted to row crops 
in Aroostook County, Maine. During the past 40 years soil scientists 
and conservationists have identified soil erodibility, soil cover or 
protection, length and steepness of slope, and rainfall intensity as the 
major factors contributing to soil erosion (9). An array of alterna-
tive soil conservation and management practices has been identified 
to solve the soil erosion problem. Still only 41 percent of the crop-
land is adequately protected against erosion with these conservation 
practices (3). Conservationists expect that unless present trends in 
soil erosion are reversed, significant acreage of agricultural land 
will lose productivity. Soil erosion and the resulting sediment in-
creases in surface waters have been identified as one of the critical 
causes of water pollution in Aroostook County (3). 
The eastern part of Aroostook County, Maine roughly Major Land 
Resource Area (MLRA) 146, is one of the most intensively farmed areas 
in the United States. In 1977, a Study of Non-Point Agricultural 
Pollution (SNAP) (2) and a National Resource Inventory (NRI) (1) were 
carried out in Maine. These studies indicated that there is severe 
soil erosion on land in row crops in Maine, particularly in Aroostook 
County which has the greatest concentration of land in row crops in 
the State. 
In recent years, a relatively low demand for potatoes and low 
prices combined with spiraling levels of farm indebtedness, have 
forced many potato farmers out of business. The remaining farmers, 
in order to overcome poor market conditions, have increased the in-
tensity of their farming operations to increase revenues from their 
cropland acreage. Soil conservation has been a low priority. 
Farmers and public agencies have spent considerable time and 
money in attempting to control erosion, but the problem has not been 
solved. The average annual rate of soil erosion is approximately 
6.2 tons per acre on Aroostook County's 244,000 acres of land in row 
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crops (2). This land is losing approximately an inch of soil every 
20 years and needs conservation treatment if the productivity of the 
soil resource is to be maintained. 
Many farmers say that present assistance programs do not offer 
adequate financial incentives for them to apply the needed conser-
vation treatment to their land. Other people have countered this 
position claiming that some government programs contribute primar-
ily to crop production and little to conservation of the soil . 
It is clear that the Nation's soils are a non-renewable re-
source. Society and the Nation have a vested interest in conserving 
soils and their productivity. This interest transcends the steward-
ship of any particular generation of farmers. It is clear that the 
Nation must conserve its soils to maintain agricultural productivity. 
In an effort to find an answer to the present conservation dilemma 
in Aroostook County, the steering committee of the St. John-Aroos-
took Resource Conservation and Development area and the Aroostook 
County Soil and Water Conservation Districts sponsored a three-year 
research project with USDA's Soil Conservation Service, the University 
of Maine at Orono, and the Maine Department of Agriculture, Food and 
Rural Resources. 
The first report, "Field Procedures" (5), described the process 
used to select cropland fields and the procedure used to inventory 
rates of soil erosion, conservation practices, crop quality, and 
crop yields. 
This report provides information developed from the data gath-
ered from the 800 plots studied in 1980. The principal potato vari-
eties on the Caribou soil were studied in detail in an attempt to 
identify the yield and quality relationships with estimated rates of 
soil erosion. 
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II. ASSUMPTIONS AND OBJECTIVES OF FARMS 
The FARMS study assumed that the farmers in Aroostook County 
have carried out a wide array of conservation management from very 
good to very poor over several decades. It is further assumed that 
the conservation management observed at the time of the study re-
flects the past history of conservation management. It is assumed 
that the Universal Soil Loss Equation (USLE) (9) provides an assess-
ment of the levels of soil erosion and conservation management. 
The principal objective of the FARMS study is to relate crop 
yield and quality to predicted estimated soil erosion rates, conser-
vation management, crop management, soils and soil fertility. A 
further objective of the FARMS study is to provide information that 
will assist in improving the level of protection of cropland from 
soil erosion. The FARMS study will also show the effects of different 
combinations of conservation practices on net farm income. The results 
of the project should assist farmers and others in making informed 
decisions about conservation practices. 
This report is designed to answer the following specific questions 
raised at both the S~ate and National levels during the recent Re-
sources Conservatio~ Act (RCA) process--a process designed to make 
soil and water conservation efforts more efficient and effective. 
1. Is there a relationship between predicted rates of soil erosion 
and crop production? 
2. Is there a relationship between predicted rates of soil erosion 
and crop quality? 
3. Do conservation rotations improve crop quality and increase crop 
yields, and, if so, to what extent? 
4. What is the effect of soils on crop yields? 
5. What soils are being used for crop production in Aroostook County? 
-4-
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6. Can increased rates of fertilizer offset productivity loss caused 
by soil erosion? Or, are higher rates of fertilizer being used 
to maintain crop quality and production on eroding soils? 
7. Do some varieties of potatoes produce better yields and quality 
with similar management practices and on the same soils? 
DESCRIPTION OF FARMS STUDY AREA AND METHODOLOGY 
The FARMS study area includes all of the land used for row crops 
in the St. John-Aroostook RC&D area. The RC&D area is located al-
most entirely in Aroostook County in northeastern Maine . The study 
area is located primarily within Major Land Resource Area 146. The 
southern limits of the study area are the Washington and Penobscot 
County lines. Four townships in northern Penobscot County that are 
included in the Southern Aroostook Soil and Water Conservation 
District are also within the Project Area. The RC&D area has 2,721, 
733 acres. 
There are 71 cities and townships in this area. About 9 per-
cent of the area is used for row crops. The major crop is potatoes 
but there are also significant acreages of oats, hay, peas, and buck-
wheat in the rotation. Most of the remaining land is forest or idle 
land that is reverting to forest. 
The topography of the central and southern part of the study 
area consists of long rolling ridges with broad, gently sloping crests 
that rise 500 to 800 feet above sea level. The land is steeper in 
the northern part with some hills above the 1,000 foot elevation. 
Nearly level to gently sloping river terraces and flood plains are 
along waterways throughout the area. 
Average annual precipitation is 36 to 40 inches and is evenly 
distributed throughout the year. Snowfall averages 100 inches per 
year. The average annual temperature ranges from 37°F to 42°F, and 
the frost-free period ranges from 100 to 120 days. 
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The area's many perennial streams and lakes provide an abund-
ance of surface water. Ground-water yield is high in the outwash 
and alluvium deposits in the valleys, but is relatively low in the 
glacial till deposits and bedrock of the uplands. 
Most of the soils have medium to coarse textures, a frigid 
temperature regime and mixed mineralogy (6,7). Deep, well drained 
Plaisted, moderately well drained Perham and deep, moderately well 
to somewhat poorly drained Howland soils are mainly on gently sloping 
to moderately sloping glacial till ridges. Shallow, somewhat exces-
sively drained Thorndike soils are mainly on gently sloping to moder-
ately steep glaciated bedrock ridges. Excessively to well drained 
Colton, Stetson, and Allagash soils are on glacial outwash deposits 
mostly in the valleys. Deep, well-drained Caribou soils are mainly 
on gently sloping to moderately sloping glacial till ridges. Deep, 
poorly drained Monarda soils are on nearly level to gently sloping 
lower slopes of glacial till ridges. Soils on flood plains are im-
portant to agriculture but their total area is small. 
Table 1 lists the principal soils, the acres of each used for 
growing row crops by soil and water conservation district, and their 
"Important Farmland Classification'' . 
The experimental plots were selected through a two stage random-
ization, with 300 80 acre blocks and eight plots per block. Eight 
hundred different plots were studied each year. 
The data collected for the FARMS study fall into six major 
categories: 
1. SOILS. A 24-inch diameter pit was excavated to 40 inches or 
refusal on each plot, and the soil described. Color, texture, 
thickness, structure, consistence, roots, and coarse fragments 
were described for each major horizon (Ap, B-1, B-2, and C). 
Depths to mottling, water table, and bedrock or a root re-
stricting zone, were recorded for each profile. All plots 
were located on published soil survey atlas sheets and the 
mapping unit for each was recorded. The percent slope, aspect, 
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Table 1. Acreage of the Principal Soils Used for Row Crops by Soil and Water 
Conservation District, Aroostook, County, Maine (3). 
Acres Farmland Classification 
Soil Conservat1on D1str1ct Total Prime Important Important 
St.John Centra1 Southern Statewide Locally 
Allagash 4000 1900 -- 5900 * * Caribou 6000 92000 4100 102100 * * Colton -- -- 1600 1600 * I Conant 3900 9400 2500 15800 * * ....... I Hadley 2000 1200 3200 * --Howland -- 2200 8200 10400 * 
Linneus -- -- 1500 1500 * Machias 500 1000 -- 1500 * * Madawaska 500 
-- -- 500 * * Mapleton -- 11300 11600 22900 * Perham 2000 3200 2400 7600 * * Plaisted 12000 9400 6700 28100 * Stetson 6000 8900 -- 14900 * Thorndike 12000 4400 13800 30200 * * 
Total 48900 144900 52400 246200 
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stoniness, and rockiness were recorded for each plot, and the 
soil was classified into series and phase. The crop at the 
time of investigation was also recorded. 
A quart sample of soil for laboratory anslysis was collected 
from the plow layer from a minimum of 15 points within each plot. 
Soils were analyzed for 10 nutrients, organic matter, pH, and 
cation exchange capacity by the analytic laboratory of the Depart-
ment of Plant and Soil Sciences, UMO. 
2. CROP HISTORY. Information on the rotation employed over the 
past seven years, disposal of residues, use of manure, and 
basic tillage were collected. 
3. CONSERVATION PRACTICE. Data on length and steepness of slope, 
crop row orientation in reference to the slope, water control, 
and disposal systems were recorded. Several component factors 
of the USLE were also determined and recorded. 
4. CROP MANAGEMENT. Information was collected and recorded regarding 
crop, variety, seed source and quality, intended market, fertilizer 
applied and the pesticides used in order to raise the crop. 
5. CROP YIELDS. Crop yields were obtained from each plot. Potatoes 
were subjected to detailed grading for official grades as well 
as for defects. Specific gravity was also determined for 
potatoes. 
6. SOCIOLOGICAL DATA. Sociological information was collected on 
the farm operator and the farm operator family, for use in 
evaluating various soil conservation policy alternatives. The 
analysis of these data will be incorporated in a future economic 
report of the FARMS study. 
RESULTS AND DISCUSSION 
A. SOILS AND SOIL EROSION. Table 2 shows the distribution of plots 
by soil. More than one-third of the plots are Caribou. Conant and 
Mapleton soils also accounted for a relatively large number of plots. 
The USLE is used to predict average annual sheet and rill 
erosion soil losses from a particular cropland area (9). 
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The USLE formula is: A= R x K x LS x C x P, where 
A= Soil Loss: Average annual predicted soil loss in 
tons per acre. 
R =Rain and Snowfall: Higher rain and snowfall areas have 
larger R values. 
K = Soil Erodibility: Some soils erode more easily than 
others. The higher the K value the more erodible is 
the soil. 
LS= Length and Steepness of Slope: Susceptibility to 
erosion increases as slope or steepness increases. 
They are computed together for use in the USLE. 
C Cropping and Management: This factor considers rotations, 
type of tillage and time of tillage operations. The 
type and amount of surface residue affect the rate of 
erosion. 
P = Conservation Practice: This factor is used primarily 
to distinguish up and down hill farming from contour 
farming or contour stripcropping. 
The USLE equation does not predict soil losses for a particular 
year, rather it predicts average annual soil losses. Furthermore, 
the USLE does not predict how much soil ends up in a lake or stream. 
It predicts how much soil erodes from a particular field or area. 
FOR EXAMPLE: A field in Aroostook, County, Maine has Caribou 
Silt loam soil on a six percent slope 600 feet long. The rotation 
is potatoes, potatoes, oats. 
and farmed up and down hill. 
0.28, LS is 1.65, c is 0.31, 
All crops are moldboard spring plowed 
Under these conditions R is 75, K is 
and P is 1.00. Using the USLE the 
average soil loss is 10.7 tons per acre each year. Conservation 
management changes the values of the LS, C, and P factors. Diver-
sions installed across the slope at 200-foot intervals would lower 
the LS value to 0.95 . Changing the rotation to potatoes and oats 
(stubble mulched) reduces the C factor to 0.18 and farming on the 
contour would reduce the P factor to 0.5 . Average annual soil loss 
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Table 2. Distribution of plots by soil, soil erodi bi 1 ity 
(K), and tolerable soil loss (T). 
K SOIL T NUMBER 
OF PLOTS 
0.10 Machias 3 3 
0.10 Masardis 3 11 
0.10 Stetson 3 12 
26 
0.15 Sunday 5 1 
r 
0.17 Adams 5 4 
0.17 Croghan 5 1 
0.17 Elliottsville 3 16 
0.17 Monson 2 24 
45 
0.20 Howland 3 10 
0.20 Plaisted 3 30 
0.20 Thorndike 2 27 
67 
0.24 Bangor 3 8 
0.24 Berkshire 3 2 
0.24 Daigle 3 32 
0.24 Dixmont 3 2 
0.24 Easton 3 15 
0.24 Perham 3 17 
0.24 Podunk 5 1 
77 
0.28 Caribou 3 293 
0.28 Chesuncook 3 28 
0.28 Conant 3 126 
0.28 Madawaska 3 6 
0.28 Mapleton 2 81 
0.28 Monarda 3 4 
0.28 Ondawa 5 4 
0.28 Telos 3 13 
0.28 Winnecook 3 16 
m 
0.32 Cornish 5 1 
0.32 Lovewell 5 1 
2 
0.37 Allagash 3 11 
IT 
TOTAL 800 
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with these conservation practices is 1.8 tons per acre, well below 
the T level of 3 tons per acre. 
Except for R and K, the individual factors were either measured 
or estimated for each of the 800 plots. R for the entire study area 
was 75. The K values used were assigned values from the Maine Tech-
nical Guide Handbook (4). The soils vary inK from 0.10 for Stetson 
to 0.37 for Allagash, Table 2. The Caribou, Conant, and Mapleton 
soils, which comprise 500 of the 800 plots, all have an assigned K 
value of 0.28. This indicates that the soils in the study are uni-
form in erodibility. 
The means and variability for A and the individual USLE factors 
LS, C, and P, are given in Table 3. The L and S factors were measured 
from the point of overland flow, through the plot to the point of 
deposition or interception. The average estimated soil loss was 
4.67 tons per acre, with a large standard deviation and coefficient 
of variation. The quartile data show that 75 percent of the plots 
had average annual soil loss of 5.79 tons/acre or less. The median 
(quartile 2) of 3.21 is much lower than the mean of 4.67 tons/acre. 
This indicates that a few plots with excessive erosion, up to 37 
tons/acre, caused a skewed distribution. The skewed distribution 
is more clearly seen in Table 4. 
The conservation practice factor, P, has a limited variability, 
with over half of the plots having the maximum P value of 1.00, and 
94 percent of the plots had P values ranging from 0.75 to 1.00. P 
is significantly correlated with L, r=0.25, and LS, r=0.14. Planting 
rows on the long axis of rectangular fields can account for these 
correlations. The farmers in this study area did not use conservation 
practices effectively. The conclusion is that progress in lowering 
soil loss can be accomplished by improving conservation practices. 
The average annual erosion of 4.67 tons/acre in this study is 
significantly lower than 6.2 and 5.7 tons/acre for Aroostook County 
in the 1979 and 1982 inventories (1,2). It is doubtful that the 
lower estimate for erosion in 1980 is due to differences in conservation 
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Table 3. Summary Statistics for Estimated Soil Loss (A) in Tons Per Acre, and for 
Selected Factors of the Universal Soil Loss Equation, 800 Plots, 1980. 
A L s LS c p 
Statistic Estimated Length of Steepness Factor Soil Cover Conservation 
Annual Soil Slope of Slope & Management Practice 
Loss Feet Percent Factor Factor 
I Tons/ Acre 
...... 
N 
I 
Mean 4.67 432 4.88 1.023 0.252 0.889 
Standard Deviation 4.79 234 2.54 0.914 0.090 0.143 
Coeff. of Variation 102 54 52 89 36 16 
Maximum 37.38 1700 20 9.340 0. 56 1.00 
Quartile-3 5.79 550 6 1.258 0.30 1.00 
Median-Quartile 2 3.21 400 4 0.761 0.24 1.00 
Quartile 1 1. 79 250 3 0.478 0.19 0.75 
Minimum 0. 02 32 1 0.129 0.004 0.37 
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management. It is probable that the 80 acre minimum size require-
ment in selecting the 300 blocks skewed the block-plot randomization 
to fields with flatter slopes than occurred in the SNAP study (2). 
B. CROP HISTORY. Table 5 presents only those rotations replicated 
more than 10 times. Typical C values associated with these rotations 
are given. C represents the relative soil cover or protection pro-
vided by vegetative material. The higher the C value, the higher 
the estimated soil erosion. The variation in C from 0.13 to 0.47 
shows that the choice of rotation has a major impact on soil erosion. 
Table 6 shows the distribution of the 10 crops on the 800 plots by 
conservation district. In 1980 potatoes were grown on 55 percent 
of the plots. The rotation data, Table 5, suggest that potatoes 
may be grown on 65 percent of available cropland in any one year. 
Potatoes and oats are equally distributed over the three districts. 
The eight other crops are individually concentrated in one or two 
of the districts. 
C. CROP YIELD. Ten different crops were harvested during 1980, 
Table 6. Eighty-six percent of the 800 plots had potatoes, hay, or 
oats. The yields of these crops as well as those of peas, buckwheat, 
and rye are summarized in Table 8. Yields varied considerably for all 
crops. The wide variability in yield of all crops points to the 
opportunity for improved yields through better crop and conservation 
management. Potatoes averaged 72 percent US-1s. The yields of US-1 
potatoes for the central half of the plots range from 252 (Q-3) to 
168 {Q-1) hundredweight. Comparable variability was observed for the 
other crops. 
Yields and quality of potatoes as related to variety are presented 
in Table 8, and as related to soil in Table 9. While both varieties 
and soils accounted for significant portions of the sums of squares, 
varietal differences affected yields much more than did soils. Since 
many soils and varieties are represented by very few plots and the 
yields are for only one year, conclusions are tentative . However, 
-13-
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Table 4. Distribution of the 1980 FARMS Plots by Increments of 
Erosion as Predicted by the Universal Soil Loss Equation. 
Predicted Number of Percent of 
Erosion* Plots Plots 
0. 00-1.00 83 10.4 
1.01-2 . 00 162 20.2 
2.00-3.00 137 17.1 
3.01-4.00 118 14.8 
4.01-5.00 69 8.6 
5.01-6.00 57 7.1 
6.01-7 .00 32 4.0 
7.01-8.00 31 3.9 
8.01-9.00 27 3.4 
9.01-10.00 16 2.0 
10 .01-15.00 36 4.5 
15.01-20. 00 14 1.7 
20.01-25.00 10 1.3 
25.00-30. 00 4 0.5 
30.01-35.00 3 0.4 
35.01-40 . 00 1 0.1 
TOTAL 800 100.0 
* Tons of soil per acre per year. 
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Table 5. Principal Rotations Identified on the 800 1980 FARMS 
Plots. 
a 
Typicalb 
Rotation c Number Percent 
Values of Plots 
P continuous 0.44 51 6.4 
PPPO 0.34 76 9.5 
PPPB 0.34 17 2.1 
PPPM 0.34 11 1.4 
PPPH 0.29 25 3.1 
PPPOs 0.32 13 1.6 
PPPOsH 0.26 15 1.9 
PPO 0.31 78 9.8 
PPOO 0.25 14 1.8 
PPOs 0.29 45 5.6 
PPOsH 0.21 113 14.1 
PO 0.24 76 9.5 
POPB 0.24 14 1.8 
PPe 0.47 31 3.9 
POs 0.19 41 5.1 
POsH 0.13 18 2.3 
Miscellaneous 162 20.3 
Total 800 100.0 
aP=potatoes, O=oats, Os=oats underseeded, 
B=buckwheat, M=millet, H=hay, Pe=peas. 
bFrom Maine Technical Guide (5). 
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Table 6. Number of Plots by Crop and Conservation District, 
1980 FARMS. 
CONSERVATION DISTRICT 
CROP ST. JOHN CENTRAL SOUTHERN TOTAL 
Potatoes 89 261 91 441 
Oats 40 129 40 209 
Peas 4 37 41 
Hay 12 11 15 38 
Buckwheat 9 14 23 
Rye 18 18 
Corn 3 6 9 
Millet 9 9 
Wheat 8 8 
Pasture 3 3 
Idle land 1 1 
Total 160 480 160 800 
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when covariance analyses are performed on the yield and quality data, 
apparent differences associated with soils tend to disappear while 
differences associated with varieties remain significant. Thus, some 
of the apparent differences associated with soil type may be related 
to unequal replication of the varieties on different soils. 
D. SOIL EROSION AND POTATO YIELDS. This section discusses preliminary 
data analyses relating potato yield and quality to estimated soil 
erosion, and the individual factors of the USLE. 
A dataset was formed of all the plots with potato yields in 1980. 
Hundredweight per acre of gross yield and US-1s were used to evaluate 
potato yield, and percent US-1 and specific gravity were used as eval-
uators of quality. These four dependent variables were regressed 
against such variables as soil, variety, conservation district, ero-
sion, and individual factors of the USLE. Analysis of variance, co-
variance, and regression procedures were used. The analyses showed 
significant differences among varieties for gross yield, US-1, percent 
US-1, and specific gravity. Yield and quality did not show a signif-
icant relationship to predicted erosion or to the separate factors of 
the USLE when the 429 potato plots were included in the analyses. 
Next, the potato dataset was reduced to include only the 344 
plots of the principal eight varieties and soils, Table 8 and 9. The 
same analyses were conducted. Significant differences were found 
among varieties, but again there were no significant relationships 
between yield or quality and the USLE or its individual factors. 
A third dataset included only potato plots on Caribou soil. 
It was further restricted to seven varieties, or 144 out of the 160 
Caribou potato plots. The 160 Caribou potato plot soil samples were 
subjected to particle size analysis by R. V. Rourke, Senior Soil 
Scientist, Department of Plant and Soil Sciences, UMO. From this 
analysis estimates of the K factor on an individual plot basis were 
determined. The mean K for these plots was 0.285 with a standard 
-17-
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Table 7. Crop Yields for the 1980 FARMS. 
Potato Net Yield-Pounds Per Acre 
Statistic Gross US-1 US-1 Spec1fic Oats Hay Peas Buckwheat Rye 
Yield cwt. Pet. Gravity 
cwt. 
I 
..... Mean 286 208 72 1.074 1759 3937 4313 1091 1917 CP 
I 
Stand. Deviation 65 65 12 0.008 764 2003 1403 359 761 
Coeff. of Vartation 23 31 17 0.73 43 51 33 33 40 
Maximum 473 409 94 1.098 3580 9372 6464 2020 2850 
Quartile-3 330 252 80 1.080 2316 5173 5619 1300 2720 
Quartile-2 286 206 73 1.074 1682 3848 4366 1040 1815 
Quartile-! 247 168 54 1.069 1214 2320 2898 820 1233 
Minimum 35 12 17 1.050 185 567 1860 485 740 
Number of Plots 429 429 429 423 188 38 32 19 10 
- ~~~------~--- ----- --- -- -- ~-
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Table 8. Yield and Quality of Potatoes as Related to Variety, 
FARMS, 1980. 
Variety Number Yield-cwt. US-1 Specific 
of Plots Gross US-1 Pet. Gravity 
Atlantic 14 298 231 77 1.085 
Superior 98 300 230 76 1.073 
Katahdin 66 290 217 74 1.069 
Ontario 59 286 215 75 1.069 
Russet Burbank 80 302 205 67 1.079 
Kennebec 20 259 182 71 1.075 
BelRus 32 226 149 64 1.087 
Norchi p 9 212 96 45 1.078 
FL-657 5 361 299 83 1.069 
FL-162 5 369 292 79 1.081 
Oneida 5 378 279 74 1.077 
Sebago 3 293 239 81 1.072 
Chippewa 8 294 239 81 1.057 
Bel chip 3 324 219 68 1.096 
Pungo 6 255 167 65 1.075 
-19-
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Table 9. Yield and Quality of Potatoes as Related to Soil, 
FARMS, 1980. 
Soil Number Yield-cwt. US-1 Specific 
of Plots Gross US-1 Pet. Gravity 
Thorndike 11 319 247 77 1.077 
Daigle 18 314 238 75 1.078 
Chesuncook 18 291 224 77 1.074 
Mapleton 57 289 212 73 1.074 
Plaisted 17 282 211 75 1.073 
Caribou 160 291 208 70 1.075 
Monson 13 268 200 73 1.075 
Conant 58 279 192 67 1.075 
Easton 10 248 154 60 1.078 
Winnecook 6 360 307 85 1.074 
Madawaska 5 314 258 82 1.060 
Howland 5 293 230 79 1.072 
Perham 9 308 222 72 1.076 
Adams 3 237 197 83 1.071 
A 11 a gash 9 267 196 73 1.068 
Telos 8 265 194 73 1.073 
Elliottsville 6 240 184 76 1.074 
Masardis 5 220 165 73 1.076 
Stetson 3 216 153 70 1.078 
-20-
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deviation of 0.060. This 0.285 mean agrees very well with standard, 
working, or assigned K value of 0.28 (4}; however, having K vary 
on an individual plot basis rather than kind of soil, allows assess-
ment of the contribution of K to the erosion estimate on the same 
basis as for LS, C, and P. 
This dataset was revised to include only those plots of Caribou 
soil used to produce the seven major varieties of potatoes on that 
soil (Caribou-Seven Variety Dataset). Statistical analyses of this 
dataset demonstrate a significant response for potato yield to erosion 
as estimated by the USLE. The regression equation derived from the 
data, Figure 1, assumed no interaction between variety and erosion, 
that is, all varieties are assumed to exhibit comparable decreases 
in yield with increasing rates of erosion. The regression equation 
predicts a reduction in gross yield of 2.3 hundredweight per acre 
for each increase in estimated soil loss of 1 ton per acre over a 
soil loss range from 0 to 12 tons. The two measures of quality--
percentage of US-1's and specific gravity--did not show a sig-
nificant response to estimated erosion. 
Yield and quality for the Caribou-Seven Variety dataset were 
also analyzed to determine the relationships with K, LS, C, and P. 
The results showed no response of potato yield or quality to either 
LS or P. Decreased gross yield was associated with increased rates 
of factor K, soil erodibility (Figure 2). Highly significant re-
sponses of bot h yield and quality to C, the soil cover and manage-
ment factor were also found. Gross yield and US-1 yield as functions 
Of C are presented in Figure 3. These equations predict a decrease 
in yield of 17 and 20 hundredweight per acre for each increase in C 
of 0.1 from zero to 0.5. The prediction equations involvi ng yield 
and C are: 
GROSS YIELD = 344.0 - 170.8 x C 
US-1 YIELD= 268.4- 197.9 x C 
-21-
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Crop quality as expressed by percent grade US-1 also ~1as nega-
tively related to factor C, Figure 4. 
PERCENT US-1 = 77.7- 24.4 x C 
The combined effects on C of gross yield and percent US-1 's are 
seen in the slope of 197.9 for the yield of US-1's, Figure 3. This 
slope is steeper than that for gross yield. Specific gravity exhi-
bited a positive slope to C; that is, as C increased, specific 
gravity increased. The change in specific gravity attributed to C 
was significant but very small. Increased specific gravity probably 
results from hastened maturity on plots with higher C values. Dif-
ferences among varieties accounted for two-thirds of the total sums 
of squares and major differences in specific gravity. 
E. SOIL FERTILITY. Nutrient analysis, pH, and cation exchange 
capacity were measured on soil samples for each of the 800 plots, 
Tables 11 and 12. The pH data, Table 11, show that the lower fourth 
of the plots ranged between 3.7 and 4.7 and that half the plots were 
5.1 or lower. The calcium readings also show a need for increased 
lime application. The cation exchange data in Table 12 further 
clarify this situation since 50 percent Ca saturation is too low, 
13 percent saturation for potassium is probably three times too high, 
and the Mg is a little low (8). Percent potassium saturation of 8.4 
for the first quartile shows that more than three-fourths of all plots 
have excessive potassium. 
The difference between the two measures of CEC is the pH depen-
dent cation exchange capacity. As the pH is increased, the soil has 
a greater capacity to hold cations and, therefore, higher fertility. 
CONCLUSIONS 
Preliminary data analyses have been performed on the data gathered 
during the first year of the FARMS study. The conclusions are tentative 
and subject to modification. The conclusions are stated in reference to 
the questions posed in the Assumptions and Objectives section. 
-22-
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Figure 1. Yield of potatoes as related to soil erosion, 1980, 
on Caribou soil, seven potato varieties, 144 plots. 
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Figure 2. Yield of potatoes as related to K, the soil erodibility 
factor of the USLE, on Caribou soil, seven varieties, 1980, n=144, 
p=0.056. 
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Figure 3. Yield of potatoes as related to C, the cover and 
management factor of the USLE. Caribou-soil, seven potato 
varieties, n-144, p=0.001 for each equation, 1980. 
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Figure 4. Percent grade US-1 as related to C, the cover and 
management factor of the USLE. Caribou-soil, seven potato 
varieties, n=144, p=0.008. 
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1. (a) When the dataset included all potato plots (429) no relation-
ship between potato yields and erosion was uncovered. 
(b) When the dataset was limited to only those potato plots on 
Caribou soil, reduced yield was a function of increased 
estimated erosion. Reduced yields of 2.3 hundredweight 
per ton of soil loss are predicted, Figure 1. 
2. No significant relationships have been found between potato quality 
{percent US-1 and specific gravity) and erosion. 
3. The potato-Caribou Soil dataset exhibited highly significant re-
sponses for yield and quality to C (the soil cover and management 
factor in the USLE). Since Cis determined primarily from crop 
rotation it is concluded that conservation rotations do affect 
yield and quality of potatoes. Figure 2 predicts yield decreases 
of 17 and 20 hundredweight for each increase in the C value of 0.1. 
4. Preliminary analyses indicate that soils do not have a major effect 
on crop yields or quality. 
5. The 30 soils and their frequency of use in crop production in 
Aroostook County are given in Table 2. The most frequently used 
6. 
are: 
Caribou 37 Pet. 
Conant 16 " 
Mapleton 10 " 
Daigle 4 
Plaisted 4 " 
The question of whether altering fertilizer rates can offset 
productivity lost from soil erosion was not addressed. It may 
be noted, however, that the cations, calcium, potassium, and 
magnesium are out of balance, with calcium much too low, 
magnesium a little low, and potassium much too high. 
7. Potato varieties constitute a very important source of 
variability for both yield and quality. 
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Table 10. Soil Test Nutrients for the 1980 FARMS Plots. 
Statistic Pounds Per Acre 
pH Ca K Mg p Al B Cu Fe Mn Zn 
Mean 5.12 1474 650 192 29.7 493 0.133 4.68 11.5 93 15.0 
I 
N 
CXl Standard Deviation 0.57 1060 344 116 9.1 156 0.135 3.80 9.7 60 41.0 I 
. 
Coeff. of Variation 11 72 53 60 31 32 102 81 84 65 273 
Maximum 7.6 7620 3180 964 66.0 986 2.200 33.20 100.4 344 472 
Quartil e-3 5.5 1894 806 244 35.4 579 0.178 6.42 15.9 115 6.7 
Median=Quartile-2 5.1 1207 587 159 29.4 490 0.110 3.65 9.7 83 4.2 
Quartile-! 4.7 755 433 111 23.6 395 0.064 2.06 5.0 50 2.7 
Minimum 3.7 115 46 22 2.4 0 0.000 0.15 0.0 0 0.0 
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Table 11. Cation Exchange Capacity and Percent Saturation for the 800 1980 FARMS Soil Tests. 
Percent Cation 
Statistic pH Cation Exchanse CaTacit~ Saturation 
Actua 1 Potentia Ca K Mg 
I 
N Mean 5.12 6.92 20.01 49.7 12.7 11.5 \0 
I 
Standard Deviation 0.57 2.73 3.63 18.7 6.2 5.6 
Coeff. of Variation 11 39 18 38 49 48 
Maximum 7.6 35.10 38.60 95.5 45.1 30.6 
Quartile-3 5.5 7.83 22.02 64.4 16.0 14.5 
Median 5.1 6.39 19.85 49.7 11.9 10.1 
Quartil e-1 4.7 5.29 17.78 35.6 8.4 7.3 
Minimum 3.7 2.46 5.23 4.3 0.3 1.3 
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